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A blade for a wind turbine and a method of asseinlDling 



lamSriahQ^ pir^^Air^r^ fr^r a blade. 



The invention relates to a*T>lade "for tise on a 
5 wind turbine, said blade beincf of the type that es- 
sentially conipriaed at least two separately manufac- 
tured fibre-reinforced laminated profiles and at 
least one longitudinally extending beam portion. The 
Invention also relates to a method of assembling la- 

10 mlnated profiles for a blade fpr a wind turbine. 

Blade profiles/blades are already known that 
are built essentially from two laminated profiles 
that are assembled by means of gluing, and inside 'of 
which there is located a carrier beam that can be one 

IS or more metal profiles 6r a wound 6RP ptofile onto 
which the laminated profiles aire alpo glued. 

Those sides of the laminated profiles that are 
to be glued to the carrier beam are constituted of 
hand- laid inner sides that are not machined, for the 

20 sake of price and practicalities, ^and therefore they 
comprise considerable inaccuracies. Furthermore a 
large number of moulds are usually eiqployed for the 
manufacture of the halves, said halves being at a 
later point in time combihed randomly, thereby fyr- 

25 ther increasing the inaccuracies. Therefore due re- 
gard is to be taken to the entire number of toler- 
ances - both on moulds, thickness of laminated pro- 
files and height of carrier beam. Thus, there- is a 
risk that the laminated profiles become thickest whi- 

30 le simultaneously the carrier beam is highest. 

In practice it is hence necessary to adapt the 
dimensions of the parts to the largest svim of toler- 
ances, which means that usufiilly there is a large gap 
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between the laminated profiles and the carrier beam. 
,ThiB gap is to be taken tip by the glued j.oint, which 
is particulpirly critical in those cases where Hhe 
carrier beam is essentially to carry the forces as 
5 opposed to the latninated profiles carrying; and whe- 
rein the demands to the strength of t|ie glued joint 
are the highest. The strength and longevity of the 
glued joint are moreover influenced by the thicJcnees 
of the glued joint, it is moreover a quality assuran- 

10 ce aspect as the glued joint is concealed unde:r the 
laminated profiles and hence difficult to check. In 
order to be sure that there ia sufficient glue to 
fill the gap, it is necessary to dose an excess 
amount of .glue, whdich increases the weight of the 

15 blade and is an additional cost> the glue being a re- 
latively e^ensive resource, and thick glued joints 
have a considerably decreased strength and life . Hie 
larger the blades are, the larger is the problem, 
which is unfortunate- The development towards in- 

20 creasingly large blades require that the technology 
of manufacture is reviewed and new methods applied, 
in particular with regard to aspects relating to 
strength and weight. When viewing a blade that can 
have a length of more than 30 m and a width of sev- 

25 eral meters, a gap of 15 mm does not seem iniportant, 
but it may actually involve a large extra consuirption 
of glue, which constitutes a significant additional 
cost. Those 15 mm multiplied by the width of the car- 
rier beam multiplied by the length of the carrier 

30 beam yields a rather large volume. In case of blades 
of 70 m the gap and the extra consuntption of glue be- 
comes extremely significant. 

It is an objeqt of the invention to provide a 
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blade that can be manufactured more accurately and 
, with an inpreased unif prmity ..with regard to strength 
from bl^de to blade compared .to prior art blades • It 
is a further object of the inven^on to achieve a 
5 blade construction which is lighter and less expen- 
sive than prior art blades. Further objects are to 
provide a ^nethod of assembling laminated profiles 
that XB more accurate than the pyior art methods and 
which result in savings of glue during assembly of 

10 the blade. 

Novel and characterising aspects of the inven- 
tion concise that the beam part comprises at least 
one first part and at least one second part, said 
first part comprising at least one body part con- 

15 nected to at least one assembly f ac^ and to. "at least 
one abutment flange, wherein the parts are adjusted 
with means for height adjustment and connected to 
each other at the assembly faces / and wherein the 
laminated profiles are assembled around the beam part 

20 and glued to the respective abutment flanges. 

Prom the characterising aspects several advan- 
tages are obtained, including that the height of the 
bam part can be adapted to the thickness of the lami- 
nated profiles, such that the glued joint obtains the 

25 desired thickness. Hereby an amount of glue is saved, 
since extra dosage is avoided, thereby making the 
blade less expensive and lighter. The beam part being 
at the beginning divided into at least two parts, 
these two parts are considerably less rigid than the 

30 final beam part* Thereby they are flexible enough to 
be adjusted differently along the beam part, such 
that differences in thickness of the laminated pro- 
files across their length can also be absorbed. As a 
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side effect it is also obtained thiat, when the blade 
' becomes lighter, the load on the bearing of the blade 
beoomee sinalleri 

Each of the parts may con^rise two parallel 
5 body parts, which body parts are at their one end 
connected to an essentially transvereally extending 
abutment flange, and at their other end connected to 
a transversally extending flange, which flanges com- 
prise assembly faces. Hereby it is obtained that, 

10 when the parts are joined, they combine to form an 
essentially closed cross section that provides a high 
degree of rigidity, including a high degree of bend- 
ing and torsional stiffness. Due to the transversal 
flanges, it is further obtained that the assembly 

15 faces become wide and are readily assembled in a . 
strong a durable manner.* 

Means for height adjustment includes glue, 
which is appropriate in those cases, where the gap 
has been reduced so much by care that the necessary 

20 height adjustment is considerably reduced. 

Means for height adjustment includes eg screws, 
spacer elements, interlayers or the like, whereby it 
is easy and expedient to perform the adjustment and 
it can be done accurately. Besides, it is obtained 

25 that the adjustment can be performed differently over 
the length of the beam part. 

The beam part may comprise at least one assem- 
bly panel that overlaps the body parts and are con- 
nected to both parts. Thereby it qan be avoided that 

30 excess glue from the joint between the assembly faces 
enter and become located in beam part and adds super- 
fluous weight. Besides, the assembly panel contrib- 
utes to guide the parts towards each other during 
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their assenflbly. Moreover the assembly panel increases 
• the. strength* of the aeeetnbly since the glue area .is. 
increased and' glued portions jare provided which are 
able to be situated more or less>» perpendicular to 
5 each other. 

The assembly panel can be shaped thereby ena- 
bling it to siiTOJiltaneouely constitute a spacer ele- 
ment for height adjustment between the assembly 
faces . 

10 The invention also cotqprises a method of assem- 

bling laminated profiles for a blade for a wind tur- 
bine, said blade being of the type that essentially 
comprises at least two separately manufactured fibre- 
reinforced laminated profiles and at least one Ipngi- 

15 tudinally extending beam part.. 

Novel and characterising aspects of the method 
comprises that the beam part cotciptises at least one 
first part and at least one second part, said first 
part cotnprising at least one body part connected to 

20 at least one assembly face and to at least one abut*- 
ment flange # said second part comprising at least one 
body part connected to at least one assembly face and 
to at least one abutment flange / where at least one 
of the parts is manufactured to be undersized, and 

25 where the total height of the parts is adjusted, af- 
ter which the parts are connected, and where the 
laminated profiles are assembled around the beam part 
and glued towards the respective abutment flanges. 

On the basis of the novel and characterising 

30 aspects of the invention it is obtained that the beam 
part can be adapted corresponding to the internal di- 
mension between the contour of the inner sides of the 
laminated profiles, such that the glue joint between 
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the lamixxated profiles and the respective abutment 
. flaiigete becomes, well-defined. Ther^bir glue . is .saved* 
as extra dosage is avoided/ thereby enabling lighter 
and less expensive blades and, likewise, the durabil- 
5 ity is improved « 

The parts can be conneqtpd by gluing, which is 
an advantageous assembly procedure. 

The p?irts can be laid in raouldfl with the abut- 
ment flanges facing towards the mould walls- Thereby 
10 the contour of the abutment flanges become very well- 
defined, which contributes to a strong and durable 
assembly with the laminated profiles. In return, the 
assembly faces become less accurate, but they Will be 
situated where the height adjustment takes place, 
15 whiereby the' significance of the ixiabcvoracy is more or. 
less eliminated. 

Each of the parts may comprise two parallel 
body parts/ said body parts being at thair one end 
connected to an essentially transversally extending 
20 abutment flange and, at its other end, it is con- 
nected to a transversally extending flange, said 
flanges comprising assembly faces, where, prior to 
assembly of the parts, two assembly panels are 
mounted, such that the e^ssembly panels will, upon as- 
.25 serably of the parts, overlap the body parts, said as- 
sembly panels being donnected to both parts. Thereby 
the assembly panels are caused to constitute citruc- 
tural elements in the beam part and the strength is 
increased. Besides, it becomes easier to control glu- 
30 ing of the assembly faces, as the assembly panele 
prevent excess glue from xrtinning into the beam part. 
Addition^ly, it becomes easier to guide the parts to 
their place in relation to each other, which is a re- 



OKI. 08 '2004 09:41 "^004543999902 INTERNATIONAL PATENT BUREAU #3507 P. 014 



WO 03/087572 PCT/l>KOart)0225 



7 

lief in particular in case of very long beam parte 
for large blades- 

The joints are preferably performed by gluing 
and subsequent hardening. — - - 

5 In the following, the invention will be de- . 

scribed in further detail and exetrplary embodiments 
will appear from the figures, wherein 

Figure^^ is a cross gjeictional view of a blade 
for a wind turbine; 
10 Figure 2 shows two laminated profiles in cross 

sectional view; 

Figure^^is a cross sectional view of beam part 
in e:Kploded view; 

Figure 4 is a partial view of a cross section 
15 of a beam part; 

Figure 5 is a partial view of a cross section 
of a beam part; 

Figure^^^ is a cross sectional view of a beam 

part; 

20 Figure^^^T^ie a cross sectionftl view of a beam 

part; 

Figure 8 is a partial view of a cross section 
of a beam part; and 

Figure^^^is a partial view of a cross section 
25 of a beam part. 

Figure 1 shows a simplified cross sectional 
view of a blade for a wind turbine coxr^rising two 
laminated profiles 3 and 5 that constitutes the aero- 
dynamically active part of the blade. Within the 
30 blade is located a beam part 2 comprising a first 
part 4 and a second a second part 6. The total height 
of the beam part 2 can be adjusted by means for 
height adjustment 8- Ihe laminated profiles 3 and 5 
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are coxmesct^d to the beam part 2, preferably by glu- 
, ing. ^ — . " ■ ' 

■ Figure 2 shows two laminated profiles 3 and 5 
located in the position they are constructed for be- 
5 ing located in. The laminated profiles 3 and 5 are 
manufacture^ by manually laying a fibre material and 
a binder, c?g polyester or epoxy, in a mould whereby 
the outer side of the laminated profiles, cf • the in- 
use situation/ faces towards the mould. Hereby the 

10 moat accurate external contour is achieved, which is 
important to the yield of the wind turbine. The in- 
ternal side of the laminated profiles is far from 
permanently defined as this is rendered impossible by- 
differences and .variation in ia the fibre material. 

15 Thereby the thickness is causied to vary considerably 
and consequently the dimension designated D in Figure 
2 will also vary. In the prior art where a carrier 
beam is used of either and for example metal profiles 
or a wound GRP beam the amount of glue necessary for 

20 reaching from the inner side of the laminated pro- 
files and to the carrier beam will differ because D 
varies. Thereby the thickness of the glue joint will 
vary. This means that, in many cases, a large amount 
of glue will be used, eg because the* carrier beam can 

25 be considerably lower in height than D. The gap be- 
tween the laminated profile and the beam is to be 
taken up by the glued joint, which is particularly 
critical in those cases where the carrier beam is es- 
sentially to carry the fotoes, as opposed to the 

30 laminated profiles carrying, ?aid wherein the require- 
ments to the strength of the glued joint are the 
highest- The strength and lif^ of the glue joint are 
also influenced by the thicloiess of the glued joint* 



OKT. 08*2004 09;41 •('004543999902 
WO 03/087572 



INTERNATIONAL PATENT BUREAU #3507 P. 016 



PCT/DK03/(W225 



9 

Figiire 3 shows ^ exploded view of a cross sec- 
. .tion of a beam. part 2*. The beam part 2. cortiprises at 
ieast a first . part 4, at -least ei. -s^'cond parf and 
means for height adjustment 8, \fx2ich first part 4 
5 conprises at least one body portion 12 connected to 
at least one assembly face 10 and to^ at least one 
abutment flange 14, wjiich second part € comprises at 
least one body portion 18 connected to at least one 
assembly face 16 and to at least one abutment flange 

10 2 wherein the parts 4 and 6 are, at the assembly fa- 
ces 10 and 16, adjustable by means of means for 
height adjustment 8. In the embodiment shown in Fig- 
ure 3, a first part 4 comprises two body parts 12a 
and 12b and is, at its first end, connected to a 

15 transversal abutment flange 14, and at the other end 
connected to transversal flanges 22a and 22b. On the 
side of the part 4 facing towards the second part 6, 
is located two assembly faces lOa and 10b. The assem- 
bly faces are located on the transversal flanges 22a 

20 and 22b • The second part g comprises two body parts 
18a and 18b and is, at its one end connected to a 
transversal abutment flange 20 and, at the other end, 
it is connected to transversal flanges 24a and 24b. 
On the side of the part 6 that faces towards the 

25 first part 4, two assembly faqes 16a and 16b are lo- 
cated. The assembly faces are located on the trans- 
versal flanges 24a and 24b. The parts 4 and 6 are 
preferably manufactured by laying up of fibre mate- 
rial and binder in moulds, where the abutment flanges 

30 14 and 20 face towards the moulds. Figure 3 show? 
means for height adjustment 8 shows as intermediate- 
layer plates. With a number of intermediate-layer 
plates of varying thickness, it is possible to adjust 
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the distance until the beam part 2 reaches a height 
porreeponding : to the* interior distance . between two- 
current landnated profilies, see Figures 1 and 2. In 
case of parts 4 and 6 that are— not provided with 
5 transversal flanges 22a, 22b, 24a and 24b the assem- 
bly faces 10 and 16 will eg be the end of the body 
parts 12 and 18 that are not connected to the abut- 
ment flanges 14 ^d 20. In cjase of blade constxiic-w 
tionSf where the beam part 2 is to constitute an es- 
10 sential part of the strength and rigidity, the thick- 
ness of the abutment flanges 14 and 20 raay be consid- 
erably larger than the thickness of body parts 12 and 
18. 

Figure 4 shows a beam part 2 with two parts 4 
15 and 6 that comprise transversal flanges 22a and 24a.. 
Also shown are means for height adjustment '8 that 
comprise screws 32, which eg is placed in a nut (not 
shown) that may be embedded in the transversal flange 
22a. Adjustment of the height of the beam part 2 can 
20 be achieved by adjusting the screw 32 that sup- 
port/press on the flange 24a. When the desired height 
has been reached, for instance the first part 4 can 
be lifted upwards and clear of the other part 6, such 
that it is possible to apply glue for assembling the 
25 parts 4 and 6. Alternatively the interface between 
the parts 4 and 6 can be closed with fibre material 
and binder. 

Figure 5 shows yet another embodiment of means 
for height adjustment 8, wherein blocks 30 are se- 
30 cured on the side of the first part 4 and the side of 
the second part 6, and of which the xjppermost block 
is provided with thread, in which thread a threaded 
bar 30 is provided by which it is possible to adjust 
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the distance between the parts 4 and 6 and hence the 
. height of. the beam part 2 . ; 

Figure 6 shows a beaitn.part 2., where the bending 
stiffness is increased by ineerties of an additional 
5 layer 34 of fibre material and binder internally on 
the abutment flanges 14 and 20. In this tnanner the 
rigidity can be increased in a single tnanner, eg in 
case the blade is to be used under inoreaeed require- 
ments to use. Moreover, the figures shows that the 
10 transversal flanges 22 and 24 can also face towards 
each other. 

Figure 7 shows a beam part 2 that comprises 
four parts 4a, 4b, 6a and 6b. The parts 4a and, 4b and 
• 6a and 6b, respectively can be joined separately in 
' 15 pairs. Alternatively the pairs 4a atid b and 6a and 6b 
could be manufactured in one piece , 

Figures 8 and 9 show sections of a beam part 2, 
where an assemply panei 26 is mo\inted. In Figure 8 
the assetribly panel 26 is mounted on the body part 18a 

20 and cover the gap between the two parts 4 and 6. 
There is preferably a thin gap between the assembly 
panel 26 and the body part 12a, such that, during as- 
sembly of the parts 4 and 6, glue is a,lBo applied to 
the side of t^e assembly panel 26, vhich is thus se- 

25 cured on both parts and contributes to the strength. 
The distance between the parts 4 and 6 is suitable 
for means ? for height adjustment to be constituted 
by glue 38. The assembly panel 26 moreover sees to it 
that excess glue does not run into and become depos- 

30 Ited within the beam part 2, Figure 9 shows a T- 
Bhaped assembly panel 26 wherein the strengthening 
function and the glue-stopping function are achieved 
in cottbination with a height -adjusting fxmction, the 
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one arm acting as intermediate la.yer. Of course, it 
.is poesible to vse a nutnber of T-shaped assembly, pan- 
; .els of Various thickness f or the >ake • of the height-* 
adjusting function. — • - - - 

5 
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